| INTRODUC TI ON
Accurate estimation of kidney function is central to the detection, evaluation, and treatment of chronic kidney disease.
1 Glomerular filtration rate (GFR) is accepted as the best measure of kidney function and estimated GFR (eGFR) based on cystatin C, creatinine, or both are widely used in clinical practice. 1 Cystatin C is a nonglycosylated, low molecular weight protein (Mr = 13359 Da). 2 This protein is produced by all nucleated cells at a constant rate, freely filtered in the glomeruli and reabsorbed and catabolized in the proximal tubular cells. [3] [4] [5] [6] The characteristics of cystatin C indicate that its plasma level is mainly determined by the GFR, making cystatin C an endogenous marker of GFR. 7, 8 Cystatin C has been measured by different methods including particleenhanced turbidimetric and nephelometric immunoassays. 8 Today, measurements of cystatin C are fully automated and convenient to use in clinical practice. Previously, different reference intervals were established for plasma cystatin C for the different methods, and the
Introduction:
The aim of this study was to establish reference intervals for plasma cystatin C and creatinine in adults using the Gentians cystatin C method traceable to the international calibrator standard ERM-DA471/IFCC and a creatinine method traceable to the IDMS (Isotope Dilution Mass Spectrometry) creatinine reference method.
Methods: Blood samples were collected from 304 healthy blood donors (152 men and 152 women between 17 and 66 years old) with 30-31 men and 30-31 women in each ten-year interval. Plasma cystatin C was analyzed using the Gentian Cystatin C assay on a Roche cobas c702 analyzer, and plasma creatinine was analyzed using the CREA Plus assay on the Roche Modular P analyzer.
Results:
The nonparametric reference intervals for plasma cystatin C were 0.58- U test revealed a gender-related difference in plasma creatinine (P < .0001).
Conclusion:
In conclusion, we have established reference intervals for plasma cystatin C and creatinine in adults using methods traceable to international standards.
K E Y W O R D S
creatinine, cystatin C, glomerular filtration rate, kidney function, reference values measurements were not comparable due to the lack of standardization. 9 Since 2010, certified reference material has been available for cystatin C. 9 The standardization of cystatin C has led to an increased use of cystatin C as a marker of renal function, and cystatin C is now a well-established marker of kidney function equal to creatinine. 
| MATERIAL S AND ME THODS

| Specimen collection and handling
During a period of two months, blood samples were collected be- 
| Measurement of cystatin C
Cystatin C was analyzed using the Gentian cystatin C immunoas- Hemolysis, icterus, and lipemia/turbidity indices (HIL index) were measured to assess sample quality automatically by the cobas c702.
| Measurement of creatinine
Plasma creatinine was analyzed in duplicate using an enzy- 
| Control material
For internal control materials, we used third-party liquid chemistry controls level 1 lot 219UECM and level 2 lot 811UECM from Randox (Randox Laboratories Ltd., Crumlin, United Kingdom).
| Statistical analysis
The statistical analysis was performed using Microsoft Excel 2010 16 For statistical tests, P-values < .05
were considered significant.
| RE SULTS
| Analytical performance
To verify the calibration curve for the Gentians cystatin C assay on the cobas c702 analyzer, the international calibrator standard ERM-DA471/IFCC was analyzed in duplicate with a mean concen- 
| Nonparametric reference intervals for plasma cystatin C
The frequency distributions of plasma cystatin C for women and men are shown in Figure 1 . The relationship between age and plasma cystatin C in women and in men is shown in Figure 2 . Linear regression showed that cystatin C concentration increased significantly with age for women (P < .0001) and for men (P < .0001).
The Mann-Whitney U test showed that the medians for women and men did not differ significantly (P = .21). The nonparametric reference intervals for women, men, and both genders are shown in 
| Nonparametric reference intervals for plasma creatinine
The frequency distributions of plasma creatinine for women and men are shown in Figure 3 . The relationship between age and plasma creatinine in women and in men is shown in Figure 4 .
Linear regression showed that the creatinine concentration did not increase significantly with age for women (P < .24) and for men (P < .91). The Mann-Whitney U test showed that the medians for women and men differ significantly (p < 0.0001).
The nonparametric reference intervals for women and men are shown in Table 2 . Two suspected outliers for women (99.5 and 101 μmol/L) were excluded from the analysis using Tukey'smethod. 
| D ISCUSS I ON
In the present study, we established reference intervals for plasma cystatin C and plasma creatinine in a healthy population of blood donors including more than 120 reference individuals of both genders using a nonparametric method as recommended by the CLSI standard C28-A3. 15 Cystatin C was analyzed by the Gentian cystatin C method traceable to the international calibrator standard ERM-DA471/IFCC 9 , and creatinine was analyzed with a method traceable to the IDMS reference method. To our knowledge, there has not previously been published a reference interval for standardized cystatin C published in a Scandinavian reference population.
To verify the Gentian cystatin C calibrator value, the international calibrator standard ERM-DA471/IFCC was analyzed with a recovery of 99.5%. Although some manufacturers have improved their calibration protocols for cystatin C relative to ERM-DA471/IFCC, most of them failed to meet the criteria for acceptable cystatin C measurements.
17
The Mann-Whitney U test showed no significant differences between genders for cystatin C, and a common reference interval for both genders was calculated to be 0.61-1.01 mg/L. For both genders, the cystatin C concentrations increased significantly with age, which reflected decreasing kidney function with age. 18 We have previously published reference intervals for cystatin C using the Dako particle-enhanced turbidimetric assay, the Siemens N Latex particleenhanced nephelometric assay, and the Roche particle-enhanced turbidimetric assay. [19] [20] [21] The calculated reference interval in this study is close to the reference interval for cystatin C (0.51-1.02 mg/L) we published in 2000 using the Siemens N Latex particle-enhanced nephelometric assay with the Siemens BN II analyzer. 20 Establishing an age-related reference interval for cystatin C will ideally require 120 reference individuals in each age group for women and men, which is time-consuming and expensive to perform. For practical reasons in the clinic, a common age-independent reference interval for cystatin C is preferred for ages 17-66 years.
As expected, the Mann-Whitney U test showed significant differences in the distribution of creatinine between women and men. For both genders, the creatinine reference intervals did not increase with age. A limitation of the study was that the reference individuals were nonfasting. Studies have shown that creatine in meat is converted to creatinine on cooking, which is absorbed, causing significant increases in plasma creatinine up to at least 4 hours, but after 12 hours, the effect disappeared. 25, 26 In conclusion, we have established reference intervals for plasma cystatin C and creatinine using methods traceable to international standards.
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